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vvif^y^mm^mmLx. sv^fcs^s^i Rxfmzo/^^-ymMm (g i . 
G2) *^€?xx s« (w) tcf 0 > h t ^mm t . 

u y V se««iffl UT, b3E« 1 &tfm 2 (0/^9 -ymtSim sit (c 1 . g 2) k: 
^^i^is-rss 1 Rxfm2(omm/^f-y (r g i . r g 2) ^mmmm (w) tcfvy 

mi . mz. mscoRkix^ir h/v (s I , S2. s 3 ) 
mmm 1 . m 2 . m 3 (DRM7.^i^ h )i (s 1 . s z . s 3) h^b. tf}ES« (w) ± 

[g9^«2] 

l9l3SlRtfm2<OxX h/1^f->«llSS^ (G 1 , G 2 ) S fc L T V'' « , tt 

KTieS 1 RtfS 2 Oxx h A^f-:y«jss* (G 1 . G 2 ) MI2»« (w) ±K:^ 
P.tlfc^SC/'P-feXS (TL. BL) CDHTttS^Sfc LTV^S. if^SlfcEig^n 

fc ^ ^ >^ S o 

[^^« 4 ] 

WiBxX h-»<^r-y (G) *^ S 1 R 2 <0 ^ D -fe X » (TL, BL) flDSV>0±ai 

lc:/U>h$nfcSlfcS2<DfiiB-&t5^^v-^ (Gl. G2) A^oSfctiifiBS 

1 stf® 2 <DS!pA^-i/)^,^ ^^js-r ssipteg^fc-i^v-i' (rgi, rg2)*#» 

> Kt-^A^ ^>«f. ^lRt;m2©:/n-l:;^® (TL, BL) fc:^U>h$nSAK ^i" 
[»^« 5 ] 

KfExXh/1^»-y (G) rtffiaify^ (P 1) Stf^Hie';'^ (Po) ^mt?> 2 
if ->*-g-»v A^O^fctaE^ 1 atf^ 2 ©»!p/<ir->At, rtflHiey 

l5l2X4^-^irD:>i-irA<SitA«X + irirpjl-^rT»J6 5, 11:^:9 1 A»6i!««5S-e 

©i/^fnA> 1 iHk:s«*nfcttfE:&ffi„ 

[W*«7 ] 

itsi^iisMeaPSAK tSEm i2SLtfS2<osjwx'?i'h;i/ (s 1, S2) ^m^^xm 
mmiRxfm2 (omm^^f-y (rgi, r g 2 ) A»osfc««i^«nfc» 

6 $T©t^-f nA> 1 fflcEK^nfeSiaETSf j*„ 

iif«%if stuESKT?. l^^E1t^iA^ xxh/^^-:y(Gi. g2) uic. 

»«3^*fflO^T&l*ift^e-A (PB) 

7<ir-->^r^? (MA) ^mmLxmm^\^-L.<omwimicA^-y^H^ir:s>mm 

•r 5 ® Pt i: * # €y © O fc: :fe 1/^ T , 
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(G 1 , G 2) <Ofi*^t>-&*^€yxX Y/^^i-yt. #>«riaiB» l&Vmzo 

xx h/<^r~>«ijagiRicitiS"rs« 1 Rtfrnzoymm^^fi-y (r g 1 . r g 2) 

X*+^fa^-^r:Sffll/^T. laiBf-X (01. G2) twimm I RXfM 2 (0 

mmf^^-y (rgi. rg z) tern i . mzs msoRmT.^ if h/i^ (s i . s z. 
s 3) ^m^t^mmt. 
luE^ 1 > ^2, m3(Ds.kt7.^if yn^ti^e,, mm&m (w) ±<Di(ii2xx h/i^r-^ 

(Gi. G2) (D/^'y;i-9^m^tiiMn^m^mmt^'^tszt^^mfr^. x/< 
'rxsig:^rSo 10 

im^m 1 0 ] 

iuExX h (G 1 . G 2) A^ Sa®0/<^'->tl»«-r SEigl. fiU Atf Xi' 

[n^« 1 1 ] 

•rsfcfetcffiffl^n. ^-c^Tgijosifi (w) ii^m^ti. *>oitti*j9^e-A (pb) 

SS®PSJb^ /^^'--iyy^? (MA) ©ffiffli:/<^->^*#2nfce-i»©a^i:K: J: 

20 

[0 0 0 1 ] 

^^ma. V V ir^y ^ ^micii^'f^^-f xmmtc^mt rt^^^-^mt. vvif^y 
Y K ts % fii ffl b T X / < w X * s ii -r -5 75r ffi i: fca -r S t €> * S o 

[0 0 0 2] 

y ^^^^-f s^^Sfi, gfjj^arftigiHjgs (i c) ©SitJcffi^-r 5 c t A-T-t So 

Mx.tfvxi'^^effl UT> I C©ffl9J®»CjitiS-rsiHl8}-'^^'-> 

S (Ca|x{ir>'Urt>^;x-/N) ±<D^»-y-yhKiB (MjeHTl OlJ(±affl<JD ^''W ©-gS* 
-g-tr) CiSfii^-S-Sc: i: A^T#5o -)fiW»caoT, ¥-'i7x--'N«, Igi^ (c B3t ? n S 30 

t3HJ>5Xr feT- A Jc * ») 0f ^»!P:«r IrI ( r^SEj ;^r[^) fe:/<^r->;&^aE 

-rsi:lf ^(c. S««rB9l2:^lp|i:¥fT$fc«ifii¥ff CjtlE-rs C izT^t^f-y^hEB* 

[0 0 0 3 ] 

'^^'i'^56^j8i«ns« S3t«, ssttt, fluojfta, fiWAtfiut^'^-f^' (peb) . is 4o 

f^-Y^^i^. i^«*nfc}gtt1$Sl (features) ©a!l^/t^at^*MTt>n 5 

„ c ©-a<ojaatt» cy^tf i c^<Dx/<'fX(D^Hffj®K:/^^->jg^f sfc46©s^4: 

. 'r:t>ftA (K-lf>^) , ^S<k. Kfk. • ««S5ff«^Offll}*Stt«A^ il 

n&<Diftati. •r'<TffiisijJi^ft±tf 5Es©fe<DT-fe5o ss^s-rs^^a. ^$aa 
^ «fctt^-®^{bjgs*. ^e-cstt-r Si2sSA<*So «^fc<k»), x-'^-yxa^ss (r> 
X-/N) ±K:E9]?nSo ctisoT/^'T xtt, ^''-r j':^yxtty--'f >'i^^©fiffiTS 
\>^\c^m^n. ;^i/>T'. fflsuox/^'T xa^ excggs^nfc*-*' u 7'^K:«-&6nSo 

^•y :;''©i!IJS : ¥^f4:iaafi!SIJ (Peter van Zant:A Practic 50 
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al Guide to Semiconductor Processing) (^H 
m. 1 9 9 7¥vi^n^ni;HtilSttTIJ. ISBN 0 - 0 7 - 0 6 7 2 5 0 - 4 ) A> 

[0 0 0 4] 

-f tftiS c:©®pStt2o©B«*^fUTv>So mitt, ^Si^nfcUS^ 

fc^PS*<« sli'&tt, r>x-Mtt, Ui^;^ h %iai8lLTS®)t5nx 

fc/<^t->A%ett, ssicttttttjxtt^afbT^ftv^o *fc^<jws««mjbTfe, <esf l«, 
isatcji^ ©HH^rae A^fctt-et ftt,>„ iicDfci6, V V ^ ^ y ^ mm^(om^<r>moi t 

$nTV»So cnSO*77'f >S«tt, btf Ltf A>* 9 fl!)l^llB%6V>, i^S:^ 

JST'#5fitgA^»$ tV^o 20 
[0 0 0 5] 

ftjctt, ]^«»cS-:J< Xft, eH^tf^-z^-U-f ffl<D4?-y f X • 'I'i/ • ^'X (Xtt7 
U-A • >r> • A^ V0Jg^<DEaWTf a (CD) ^SJSf 5fca6fu{±, 

^lE«?a«a (SEM) HftfiefflStlTV^So Ctl^OSffitt. ^^^'f^atBI^ 

xtt^^T'T b < tt^^»-y -y h Eatctsfcsffia^a*, ^i.-rLfemffi 

[0 0 0 6 ] 

mm. Mvf-. (CD) oai^fflc, x/wxs{igT»ffiffl?ns-o©>f >^ 

-r>stgtt, rx^^^-v ^ D j« h y J t LTJiiP)*!^ fetDTfeSo x*-^ 31 n ^ h u <D75rj* so 
tt, P'('t:/KSA^# rjt^x^^^-v h %«i;B-r5^A5:;i-^f«?ttS!iaj (M 

ultlparameter Grating IMetrology Using Op 
tical Scatterometry) (J. Vac. Scl. Tech. B. Vo 
1. 15. no. 2. 3 6 1 - 3 6 8. 1 9 9 7 ) & tf - >> S A> g f D U V U V ^ ^ 7 
fCfettSUffiiJ-JtX^^-^ D p{ h U J (Specular Spectroscopic 
Scatterometry in DUV Lithography) (SPIE. 
Vol. 3677. 1 999)tcEiE?nTV^SoX + Yi'a^bU©*|^, fife)tA^ 

(RCWA) ^fflV-'TS^I^^nSA^, XttS'^i >K: J: O^etlfcX'?^' h^/ 40 

[0 0 0 7] 

U V^77-f K:fct*SX + +^fD^< h UOijEfflKlH-rSCOSA^ora^fctt, WO 0 
2/0 6 5 5 4 5 A^^$n«A^ ^-iD*^, 2 O <D M * 5 A> P, X * ^n^t h UlW^ 
m J: ») ^j--^^- U-r A^ffl^^tlSo CKDCliitt. ffi©«?i:a!a: o r v>!S:(/->«?fiD 1 o% 

S^:^::&?^l$LT«/'>S„$fc, use. 458. 605Rt;uS2002/004137 

stp^'Ty^ y A^fijfflsnso US2002/004 1 3 73i?tt, r>x-/N±o 50 
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^lv^tx h«?<Dv:/^''Afcj3'^&-rsiR«x^;i/:f-v h y y (fem) «:fu:/ 

[0 0 0 8] 

c««*»tt'rsfefe©¥®] 10 

[ 0 0 0 9 ] 

y yy7 7'rs@«:ffifflLT, mmm 1 2 ©/s^r-y^i^SjgK^^j^is-r «^ 1 

- 3» % }§ -r S if « « # S ® B i: % ^ «y « « ;Sr S C * ») H -B- 6 n . 
[0010] 

1ST. «iAtfxi'7>rr • -^-r x-y^^.^r^r. *©fli!<o«effl«n*v>s«K«t:/' 

o «oA^©lg^. S*|i-'l^->©ll«lfiSa:> 2«iflgS|g©xX h/<if->©S«lfi£J: Offi 
««IfcfTtenSo *©«■&. »^P-'<^'-:/©S«<a©IS«*^ f-xh/<*->©s 
^iSfcfJM^nso mo^m-^ictt^ mmoymmn^. s*sx'<^' h;p%it«"rs c t-cs 

gjf e,n. XX h Ai'-:/©S«lB8*j£!'S4: b^t^o 
[001 1 ] 

*5SW©-»ji^«lfif|©«^. » W<^->«lSS3Rtt. « 1 rp-bxjitr y > h« 

-/^-n'-r5S2:rp-bxe(c:/y>h2nfcS2ta[g^tn*-v-^'^^/u-eu-'S„a 

s^t3i^-r-i'!b^e©x + -^i»p^ h y ii^^fjffl LT^-M- u-r ©igSBA^ois^g© 

©x*-yifp;<hyfi^*^Sifk*nSoTXh/<ir->A>e,©x:ir-v'^jp;/hyM#tt> 
Ji«%®-rS:t-A-U'f KIIK:»»?ns©i:raa»c. tiB^fe«v-iJ^©^*fc:»» 

«-r5®ra©:/*p-txs©ffffl-e> ^:^p-bx^%^ UTfjfensiaaepgT?^ us t.© 

[0012] 

*^w©gij©»)i^jsfiai©«^, m idLXfmz(o/^it->m^mmti. a*sey^;& 50 
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[0013] 
[0014] 

yfcosi. a2, »3 ofi«X'<^ h;i/«««-r«®i«fc. 

3 0SI*X'^i'h;PA>6^«®Ki:*1f«Si:LTv>5. 
[0 0 15] 

• ^-r >»cyu > h ?nSo <i<DJ:5K:bT. »«±»ctt^^SS*X'<-X«il< ft 0 v 30 
e:*:<0K«A^T/WXS8iiffltSI«T-* So 

T- # 5 „ 
[0016] 

m(o^\fi ' ^m^^^-y. m^T'^ xyv~ (lcds) , mmm%^v vm(omT^ic% 

ttS^t^fc, 0!IAffh^-y^^ (a^. bS^X IS)t?nfc^5?Xh 

*s«i-r5ffi*) . ttsnffl*, m&mm<o\i>tnii^xmm-^ti^o mm^mxhtus. c 
I cs(ig<ofci6fc. 2 @«±*nxftii!-e#so-e, ccxm^^^&mth^^mm 

[0017] 50 
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65^ 248» 1 9 3 . 157, 126nmflDV>"rn*^«W"rSfe®). ( E 

UV) iftfilS 5 ~ 2 0 n m©feO) , ti^lf-A, m ^ H ir > \i ~ AXli^^ 

c in?«6ffl-r 5 r/^^r-- ti^^vmma. miRo^t-yy hzmicA^-y 
fe<Di:i£«K:»s??nfci^o aifT'^tiStt, A fc ^ ? n s ^» - V . 

[0018] 

4ftt. fligiJfc«jBJ«-B-T> X»e-A«a«:«75rlRl'\fil*«-&« C il O * 3 

eHx. :7 L/-AX{i7^-:/;i'T-fe D V u-AX(ix- S^JcfSCTH^ 

[0019] 
[0 0 2 0] 

, ©^?^<Dai^^?i:a«i:ora<D^ra?r}«fc-ra!|S©fe©Tfe J:v>o aSf«f*ti, 

'jy^^^-^iSHcfflic^pa, »9^arvx^i:«^i^(DSi^?i:<Dffl{cfesifc-rctA< 
[fiBa%^fifi^«fc«>©sa©jgs8i 

[0 0 2 1 ] 

st«»^e-A (fiSitfu vjatwsxtiD u viJtwia) ? b ^m^rctb(ommm mm 

«) I L fc, 

(fi^^tfvx^) MA^5£i$L, A^Ojg^P L tWr 
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/<^r--vi^^?MAfc:J:9«^e-APBfc#-^$nfc/<^f->;&. S«WO^r-y 
yhKBC 1 ffi3«±©^r>r ;&#ty) ± K |g« ^ 5 fc «> (iWiltfJBSfS 

C 0 0 2 2 ] 

Ha^Oi^fcv ^ilStt2iiM-Pi&S (fifil aiSliT X ^ * # L Tl^ S ) o feSi/^tt 

fcti^^tifc-aJtftSo »fis otmms i tttt. jasTsnar. e-A»m3R b d 

[ 0 0 2 3 ] 

ft eiit i> * i: * W ^ 5 e - A A» S 6 ti « , 

[ 0 0 2 4 1 

a^e-APBtt. ■TX^x-:r;l/MTK:5£j^*nfcVX^'M AtASt-rSo VXi'M 
A«jljiLfca^e-AP Btt. U^XPL^aiSL. KU^XK J: 0»SW©^r~y >y 
hKliec fciR^^tiS. S«-f-:/;l/WT*» » 2 fiS8tfelR^^ P W 4:{as-b I F ( 

«c*e~AP B©«»rtefi[Stt«>-rsci:3{i<7»tSo i^i;<fc5fc» vx^*. m^n£ 

SlJ©ffis■b>^^• (0 1 ttiw^^nTi/^fti/^) t^^mLx. if-A p b omskij* lis 

^fCVXiJ'M A^{C[BSl*-r5il tjfi^-p^So «LT. V X ^ x - ;l/ M T i: S« x - ^ 

) fcfc J: O^^^nSA^ C tl^OtS^a-A'tt. ffiB»ii>}(i?PM. PW<D-SS*}g« 

LTt^So L*^L, Xxy/^-©©^ (X + + -^--i:«sa 0) , v X x M T tt 

. VX^^ttg^tj-tirV-^TM 1 , M 2 i:StSfiS^t>-&V- PI. P 2 t^^mt ^ C 

txmn-^tmtti^o 40 

[ 0 0 2 5 ] 

Hg^O^Stt. KT-^fflT-t S : 

1. Xr rZ-t- KT*«. TXiJ'x-:/;l/M T i:Sfix-:r;l/WT i:*^ »II±SS 

2. ^iE^^-KTti, -^XtJ^T-r/zl/MThSSr-t/^l/WT tA^i^i^t^g^ns 
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PLOfig* (I8R) fttfB«(fi«»ttfc J: »)tt3£**lSo 3tSE*-KT?(4. B3tK«OTf 
[0 0 2 6 ] 

mm s 2 . ui^x h e.}S9j*i^£-r 5 V7 h'^^r i'SPg s 3 ©§sp&T?«ia%§it5o 
•> x-/N«. s 8 oiUfc, sjt^'^'r iJ'SPi s 5 . (ui^x h jb^Biaffl 

ji^ltHfflA^KllS CT) S^UiPT, h Xtt*f8)t 1/ S^X h ? tl -5 S«iSPS S 6 . m- 20 

ffiasPB s 9 ©«. a#u5^x Hi. mmmm s i o -efrjA^^n. mn^mmmm s i mt 

C 0 0 2 7 ] 

^itS© S 8 T?fi, 0 3 JCS^-r i 5 4X4^-^ ^» D ^Tft «o UA^L. gij©8g 30 

«*fflv>T. SiJ©«lE&tf/Xt4ai^'E»f7oTfe«J:i/^o X4^-v ^» n>t-^» i ott. e-A 
X:/'Uy^fl 2*^tT^'x-MW±©rXh/<ir->TS fcft jWI9* |^ tt S JE^IS (S 

en^tf i»ffiie^Ki}-)W&tfif©jgi5i»fc<fc 9 V xt4>'53.u-s/3>-x'^i'h/i'©7'r 

©B^fig©ii^. ''<^-y^f*:©JgttttBE5aiTfe ») , SloA>©/^5^-^f»i, 

^Sis-r sMsxs©»ii{A^^«^^n, x^+ho^hu • t'-^ik: j: otts^ns/^ 

SfilBH©SltT-tt* < . €yl.5*-Kg©. fl85ftfilBfflT-©SI*A^ii^SnSX4^-V 
hn^i h >; ©8g{k»S«ttffltTt,*i/^, 
[HSIfiq 1 ] 
[ 0 0 2 8 ] 

;t-M-n'©ai^(c«effl^n5*%w©^ i /rise j:ntf, s«w±ic:;"u yh^n 
fef-xb/^^f-^Gtt. ±a5©yD-fexjiTLcryyh*n;fe»iv-^rx««i-'<^f 

-><Sfig®sgG li:. JSffi©:'"D-feX®BLfc::/y^h?tlfeS2V-irXtt^2/<^»- 
G 2 i: ^#^•pV'>So v-'J'Gl. G2{i, A^©fflP^ajg«. 
^xy*-fiv sPyi'X, OjJ^^ ft f 5 d i: A^ T t 5 o -^-i^o^mVi^m 50 
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yy-^ti. ^J^ieo^® t,^v>«^»ca. 2o<dv-^gi. G2tt, ^l<=S:d, 

UW^MfciK , lESlCS^-rSo ^1 i:®20v-^ (/< ^» - :y «}|SS^) 

1. G 2 «^tf7^x aaticA^-r s(i)tTjara«nfcii^. si#snfeT 

E. T MX«effl##{i> 2 o<o«7©ffl)l^fiS^^:o^,^T<D1tffi;&#^1?v^5o b*^L> 
»?G1. G 2 &t;T^^*#€faBoStfgffi<De T L . B L O ffi © tfi ffl D -b X S I L 

Tortajfi«®fci6. *-A-i/>ri»ffl*^tf«s«^#ofi«iti, mibT^<. suit 
<oii*<iai^o ^©flsoy > h fc-r-ir G 1 . g 2 fc^css^ic j: o Kfi 10 

^tl, j£ffi©S©V-ir G 2 <Dii^. S»tt^y > hOfcfetff iJtlSISfci « 
[0 0 2 91 

*5!Wfc:<J:tl{f, :j--M-U-r©J8^*iS#-r 5fc«), 2 O<oa*p/I^r->R G 1 . R 
G2A^ -rXh/^^f-XD 2 0 0«BjcS^G 1. G2i:(g^fc:7^y>h;jnSo S^P-'^^r 
-yRG 1 ^ffiOST LtStten. SlV-^Gl Kl^^lEf So Slp-'^if->R G 

2tt, isasosBLKStten. mav-^rc ztcttj&t^o mmf^f->RGi. rg 

-:yRGi. R G 2 tT-xh^^^-y im. zfv y hj:mxit^mxm-e^\^?>m^icm 20 

[0 0 3 0] 

Slp./^^f-y R Gl, RG2t4»f-Xh/<^r-->Gl. G 2 tmim ^ tcmmt tltzm 

^«?G1. G 2 ©If ffi©»?rrta-r 5X + ^ npt h U «^ S 2 . S3^%^^^ 
5o X + -\r^'D>{hy#^S2, S3{±, ^ft^tlfcX + ^^^DplhyM^S l-e*^ 
Sfeii>» X*-\r^rDjth U^i^S I *iEMft t S © Cffiffl T * S o *0-Wti, B7 tcm 
^tiTfeO. ti ©0A^ e.i)-A>5 ii i: tt, ®fl:?tifc<i#s i-eJ4. « S ic * v IB (i 
%«■r5A^ jg^^f:iFfi[*a©fiis^is*«*bTi>So sNjtJi, ja«WK:3c#?nT so 

. 2o©*-/<-u>r«?ic:<k »)«^-e-Li66ns*-/^-^-f r^j S2 

tm 3 <Dmntt> mm tmm(omm^'i^-ytc^ on^t^m^X'&Zo ^©*i^> ^fk 

[il%««2] 
[ 0 0 3 1 ] 

H8~H1 OJCtt. *5!ra©^2©75rffiK:Mffl?n5lS?A<^?nTt/^5o *5IW©^ 

2©;^rffi{i. uyi^77'fSS> l^fcS^l^ p l ©n virm, xt±S«f<:Jifi2n5«iSx 

08A>^i>3b>5J:5fc, xXh/^^f->G{i. rtffl!ie>y^Pi4:ir1.ffl!lif>y^Po?r#-r 

©*-/<- ©«^%^», S2 Ai»->««SiRtt, ^ffije yf^P I e^Lv>ey^©# 
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Inspection M^od and Drvke Mannfaetuiing Mefliod 



The {mscDt isvcQlicm xelates to mefiiods of 
5 manu&ctme of devices by lifliogiaiduc tecbrnqnes and to mediods of mamifacturiiitg devices 
using litliogirq[>h]C techmqiies. 

A lifliogiqdde apparatus is a inacldne fl^ 
10 portion of a substrate. liflipgiaplite 

integrated cinuits (ICs). b that drcnmstance, a pa 
iised to gBPCiate a cpcnit pattern contsgwmdh^ 

pattern can be imaged onto a taiget portion (e.g. compKising part oi; one oor several dies) on a 

substrate (e.g. a silicon wafiBr)4mt has a laeyer of ladiatira-seDsitive material (reast). In 
IS gmeial, a substrate win contmn a xietwoik of a^gacentta^ 

snccessiYelyeaqmed Known Ufliiigra!^ so-called 8tq;ypers» in which each 

target portion is iiradialed by ^qxiraig an entire pattern onto di^ 

so<dled 8cames8» in whidi each tmget pordon is xnsdiated by scanning di^ 

die prqecdon beam in a givea direction (die "^canniie**^^ 
20 scanning the siAistrate paraUel et anti-paraOd to dns dnectioa 

In a maniifiictuiing process using a Bfliogiraplnc projection apparatus, a pattem (eg. 

in a niadc) is hnaged onto a sitetrate that is at kast partially o 

radiatioii-Bcnsitive material (resist). Mor to tins imagipg stq»» the substrate may under:^ 
ysriotts procedures^ socb as priming, resist coating and a soft bidce. Ate 

25 substrate inay be sidgected to od»procedDres,8ttdi as a po5t-«x^^ 

devdopmcnty a hard bake and meas u iem ml/ins p c ctiop of die imaged features. Ibis array of 
procedures is used as a basis to pattem an individual l^er of a devicCp e.g. an IC Sttd^ 
petteriied layer limy dien undergo various processes such as etdm^ 
(doping)^ inetaIlaadon» ooiidadcm, chemo-medianical polishing, eta, all intended to finish off 

30 an in^vidod layer. IfsevenI layers are refined, dien die whol^ 

dsereo^ win have to be repeated for eadi luw layer. EventuaUy, an arra^ 

present onihe substrate (wafer). These devices are dien sq)arated from one anodier by a 

technique sudi as dicing or sawing^ whence the individual devices can be mounted on a 
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Gamer» ccnmected to pins* etc Furflicx infimnation itgardmg such processes cm be obtained^ 
for exaniple^ fiom flie book 'Waoddp Fafaiicati0s: A Pxactical Guide to SemiconductDr 
Ftoces8il«^ llmrd Edttioa, t^I^ vm 
0-07-067250-4, mcoipoiated kcran by lefbivuce. 
5 Tbemeasinementaiid inspection stq» a 

in-line becBDse ft is canied out in die noimal coai^ 
twopuposes. Risdy^h is desird>fe to d^ct any tafget areas where the 
devdopediesistisfiailty: IfasofiBdaitnmitoQfdiesare&alty^ibei^^ 
of file pattenied resisi and ie-cxposed» bopefbUy amec&y, radier than making die feult 
10 peimanentbycaEiyingoutaprocessslqp^e.g.aneCcli,w^ Seco9idty,tbe 
measuremeofts may allow cneis in fte Kfliographic apparatus^ e.g. in iUuminatioii settings or 
exposure times, to be detected and collected for aibseqoept expose However, many mors 
in fte lilliogirapilw apparatus cannot easily be detected or 

inexposuies. Detection ofafioA docs not alwa^ lead diiecdy to its cause. Tims, a variety of 

IS ofF'Ki^ procedures lor detecting and measuring crrois in the liflboggaphic apparatus are 
known, llieseinay involve icplacingte substrate with a measuring device or cax^ 
e3q[K)8uresofqpecial test pattens^ e.g. at a variety of dif^^ Suchofi^line 
techmques take time, ofteo a considaable amount, during wliicfa fte apparatus carmot be used 
fig produ ct ion catposures. llierefive^iii^ineteciiniques^fliatis ones^K^ncfacanb^ 

20 usii^ or at die same time as pr odu c tion exposuies, fi)r detecting and measuring errors in die 
lidiogirapbic apparatus are prefined. 

To measure dimcnrional cnors^ such as ovcriay and left-rijjbt dimensimal 
difi&rei»es caused by oomatic aberration^ iin^ge4>ased tools, audi as box 
firame) for ove^y and scamn^g ekctronmiciosccq^es (SEM) to measure critical dimensions 

25 (CD)fi)rcomapareusedalpresci^ 'niesetedniiques,aswellasbemgo£r-lnie,bave1iie 
disadvanlaep tint tiiey mate localized measurements i^ch do luA neces 
reflect ti&e prcyection system or process behavior over the fidl die or target area. 

One in-line technique used in device manufacturing for measurements of linewidth, 
pitdi and critical dimension (CD) is known as ''scattennnetiy". Mediods of scatterom^ aie 

30 described in Raymond ^ al "Multiparameter Grating Metrology Using Optical 

Scatterometry, J. Vac Sd Tech. B, VoLlS no.2 361-368 1997 and Niu ef al "Specular 
Spectroscojric Scatterometry in DUV lititography , SPIE, Vol. 3677, 1 999. In scattmmetry, 
i^ite Hgbt is reflected by periodic structures in die devdoped resist and the resulting 
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leflecdanqMCtnim at a gjveDaqgle detected. Thestracturepving liso to Ac icflcctioii 
spectrum » leoonstnicted, e.g. vsSaig Rigoious Co(q>led>WBve Asalysis (RCWA) or by 
conipfirisQD to a libiaiy cxf specliii derived bysnnulatioii. However; the reconstnictioii of fhe 
structure is comiw itatioMll y vciy intcasive and the tednaque cm saffer fiom low sensitivity 
5 snd poor repeatability* 

Other disdosores of fteuse of scattenmietry in lifliogicqpliy inchide WO Q2/06SS45 
pUcfa proposes to nessDre overiay by scatterometiy measnrements fiom two overlying 
giratings. It suggests ftat if a ssnsfiit of one of flie gatings not overlain by Ae oflto is 
available; mcasmcnicapts nMy be taken to constrain the measuremegt of overlay derived fiom 

10 fte two overtyiqg gratings. US 6»458,6QS and US 2002/0041373 utilize reference librari 
derived fiom tftf^yp**"^*^ of refirence structures to aid in derivation of mfixnnation fiom 
scatteromelEy measurements. US 20Q2/D041373 proposes printing a randomly distributed 
fi)C0S-eneQy matrix (FEM) of identical test gratings on a wafer and derives informatioa fiom 
scatterometiy measurements llicfeo^ especially fiosn difierences between scatteionietiy 

15 measurements fiom diflercal gratings in the matrix* 



It is an object of 'flic present invention to provide an in-line mettiod of making 
measurements during manufiKture of devices using lifliograpfaic techniques that has inqiraved 
20 accuracy^ sensitivity and/or rcpealafaility, 

lUs and o&cr olgects are achieved according to the iiiventi 
melhod CQnq)rising; 

usiog a Kftogr^bic apparatus to print onto a substrate a test pattern comprising a 
combinatifm of first and second pattern components^ said first pattern component being 
25 diffarent fiom said second pattern component; 

using a liflK)graphic apparatus to print onto said substrate first and second reftreace 
paltenis ccrre^Kmding req)ectively to said first and second patteni conqx^ 

using a scatteronieter to rneasure first, second and third reflection spectra of said ^ 
pattern and said first and second reference patterns; and 
30 dmving fiom said first, second and tiurd rdlection spectra roformation indicative of 

a parameter of said test pattern on said substrate. 

By fins method, a rapid, accurate and repeatable measuremoit of a paramet^ of the 
test pattern as printed on the substrate can be made. The test and reference patterns can be 
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printed in Ihe €011186 of pioductiaii exposures* for cxanqple in a scribe lane or edge die or other 
nnusedBieaoflliesntetnrte^vdlhoi^ Hie reflection 

spectra can be measured by die ^attmnnetere^iaUyq^ 
producticm line. The measurement mebod of Ae invention can ftcrefoie be 
S quafificatian or calibration tooL 

Hie addition of tfie lefewpce pattcnis improves fte sensitivity as compared to 
scattenmietiy tedmques nsing a siiigle lest pattern aid 

die desired inlbrmation fifom Ibe scatterometiy data. Insome cases» reoonstmctton of die 
reference patterns is simpler fhan reconstnictian of die two-coaqpoinent test pattem and is 

10 pafiumed fiisL The resuhsofflierecaiistructiQDofflie reference pattcin are fhm used to 
sin^lifyreGonstniction of die test pattern, boftercases* die desired infennatioQ can be 
obtained diiecttyfioin comparison of die different spectra, wiflioiit the necessity for 
reconstruction of die test pettem. 

In one prefened embodiment of die invention^ tlie first pattern component conqprises 

IS a first alignment iiwiker printed in a fiist process layer and die second pattern conipopenl 
conqnises a second afignment maricer printed in a second process layer overlying die first 
patten component The refiraioe patterns comprise corresponding reference alignment 
maiicefs printed in die first and second process layeo respectively^ but not overlaid* This 
embodiment enables an accuiate and sanative measurement of overlay by using die 

20 scatterometry signals fitmi die r e fe ren c e alignment madcs to enhance die scatterometiy rignal 
fimn die test pattern pnor to processing to defeenmne Ibe overlay error. The scatterometiy 
signal fiom die test pattern is affected by distortions of die alignment markos doe to the 
process st^ used to form diem and canied out in between and by die jnocess layers b^ween 
dielayoscanyingdie aliginnentniadcers^aswdlasbydieoveriayerrorwliiGiiitisdesiredto 

25 measure. The rdSsrence patterns en^lediese effects to be separated firom die eff^ 
overlay. 

In anodier prrferred embodiment of die inventi(m» die first and second pattern 
components comprise single bar gratings having different pitdies which are combined into a 
test patteniconqirising a two-bar grating patteni having an inner pitdi and a^ The 
30 first and second reference patterns comprise respectively a single bar grating having a pitch 
equal to die inner pitch and a single bar grating havii^ a pitch equal to the outCT pitch. The 
scattenimetry signals firom die reference gratings contain information as to the form of the two 
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• coixq)onentsoftiKet\¥o4)argratii^ande^^ 
ccmia to be isolated fiom ibe scattmmie^ le^^ 

Ihnefcnblyfte scattenmieliy 8tq> is earned 0^ 
dttxnie^ if tiiere is snfBdmt eootnist in fte la^ 
5 carried o«itbefofedevdopinenL Becaosefheabenadon is detected before a process ste^ 
carried out; if Ibe d)cnation is seveare cai^ 
stripped and flie substrate put back into ftc process fa r^imaging. 

Ihnefaably, flie scattcnmietiy stcp(8) is (are) carried out using nonnal incidence^ 
iwldte liglbt scatterometiy: 
10 Accordisstoafiairfliera^ectofflieiiiveix^^ 
manufacturing meftiod coniprisirigi 

providiis a 8iU)8trate that is al least partially covcf^ 
material; 

providing a piqjecrion beam of radiation using a rafiadon s^^ 
15 - using patterning means to endov^flie projection beam wilb a pattern in its cros^ 
section; 

projecting liie patterned beam of radiation onto a targ^ portion of flie layer of 

xadiaiiQO-scnsitive material, 
characterized in fiiat: 
20 said pattoRDCOinprbes: a pattern representing a process layer; a 

comprising a combination of first and second patteni components^ said first pattern 
omqpracnt being diffesrent fiom said second patten conqpoi^^ 

Tefermce patterns cancsponding icspectivcly to said first and second pattern compopents; and 
by: 

25 using a scatteronaeter to riieasurefirs^ second arid flnrd reflect]^ 

patten and sttd first and secmd reference patterns; and 

deriving fiiom said firs^ second and third reflection spectra infimnation indicative of 
a parameter of said test pattern on said substrate. 

Prtf erably, tiie test patten h printed in an area adjacent the pattmi of die product! on 
30 layer^ sttdi as a scribe lane, hftb way, no unnecessaiy space is taken up on the substrate and 
a maaiinmm area remains for production of devices. 

In a preferred embodiment of tfus aspect of the invention, said information indicative 
of a parameter is used to adjust a param^er of flie lithographic apparatus or process after 
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iniudi a faztber substiatB is pr^^ 

pattcmmg means and pmjectingfte patten^ bflusway^fheiesoltsof 
scatterometiy mca sm c an c a ts taken an mt substrate can be used to adjust the lithogrqihic 
apparatus or process so ftat subsequent caqposures are 
5 Alflxm^^qpedficrcfennceniaybemadeinftist^to^ 

qiparatos in flie xnanufictme of it should be understood that tlie lithographic apparatus 
described herem may have oAier ap|dicatio!ns» such as die manufacture of integ r ate d optical 
systems^ guidance and detection patterns for magnetic domain memories^ liquid-ciystai 
diq)Iays (LCDs), Ihin-film magnetic heads, eta The skilled a^^ 

10 context of such alternative qiplications, any use of die tenns "Vvafti^ or ''die*' hoein m^be 
considered as synonymous vntti die more genoal tenns "substrate** or **target portion**, 
respectively. The substrate refored to herein may be processed, before or after exposure, in 
for example a track (a tool dmt typically apphes a layer of resist to a substrate and devekips 
die e9q>osed resist) or a metrology or inspecticm tooL Where applicable, die disclosure herein 

IS maybe applied to such and odier substrate pn^essing tools. Further, die substrate maybe 
processed more than cmce, fixr example in order to create a multi-layer IC, so diat die temi 
substrate used herein may also refer to a substrate that already contains mu^ 
layeis. 

Hie terms ''radiatioii*' and ''bcaoT used herein enconq>ass all types of 
20 dectroros^etic radiation, inchidiiig ultraviolet (UV) radiation (e.g. having a wavelengfli of 
365, 248, 193, 1 57 or 126 nm) and extreme uhra-violet (EUV) radiation (e.g. having a 
Mmvelengfli in the range of 5-20innX as as particle l)eams, such as ion beams or electron 
beams. 

The term "'pattcnnng ineans** used herein diould be broadly intei^^ 
25 means tiiat can be nsed to in^art a projection beam widi a patton in its cross-^section such as 
to create a patteni in a tarsei pcotion of die substrate. It should be iH>ted that 
imparted to die projection beam may not exactly correq[)ond to the desired pattern in die 
taig^ portion of the substrate. Generally, die pattem imparted to die projection beam will 
correspond to a particular fimctional layo- in a device being created in die targ^ portion, such 
30 as an integrated drcuit 

Patterning means may be transmissive or rdlective. Examides of patterning means 
include madcs, pro g i amro ^le minor anays, and programmable LCD panels. Madcs are well 
known in lidiography, and include mask ^pes such as binary^ ahemating phase-shift, and 
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attenoated idiase-dnfiy as wdl as variow 

ininoi anay cnplcys ft matrix afvan^pneot of small Jiuiiuis^ each of iwbidi can be 
individually tilted 80 as to reflect an mooD^ 

manner, teTeflected beam is patterned beach example of pattenung means, flie suppcrt 
S structure maybe a fiame or table^ for exan^le, wUchinay be fixed orroovable as required 
and ^PvUdi may ensure tfut pattennng ineans is at a desired posi 
respect to fee pro j ect i on Sfystem. Any use rfdie terms *Yeticle** Of *^mask^ herein maybe 
considered synonymons With tiie more general tenn "^patterning meansT. 

The tenn **pt03 ection system** used herein should be broadly interpreted as 

10 encompassiiig various t^pes of prqjectiGnsy8tem»ind^^ 

reflective optical systems^ and catadioptric optical systems, as appropr iate for wanyle for die 
exposure radiation being used» or for odn&ctorssudk as the use of a^ immersicm fluid or die 
use ofa vacuum. Aziy use ofdie tern 'iens'* herein may be considered^ 
the more general term *^o)ection system"*. 

IS The iUuminatlon system may also enomqpass various typ 

including refiactivc^ n^ective^ and catadioptric optical components for directing, shapings or 
contrdling the projection beam of radiation^ asd such components may also be referred to 
below, collectivdy or angulariy, as a •*lens**. 

The fidiographic ^yparaius may be of a type having two (dual stage) or more 

20 substrate tables (and/^or two or more mask td>les), h sudi "^nultiple stage** machines the 
additicmal tables may be used in parallel^ or prepamtoiy stqis inay be carried 
more tables while one or more odicr tables are being used fOT exposure. 

Tlie fiOogtapfatc qn^aratus xnay dso bo of a tn>e wherein dw subs 
in a liquid having a relativdyhi|^refiaclive index, eg. water, so as to fill a q>ace between the 

25 final dement of the prcgectifm system and die substrate, hnmersion liquids may also be 

applied to ofter spaces indie lidiographic qyparatos, for exarapltf between die mask and the 
first element of die projection system. Immersion techniques are well known in the art for 
increasing die numerical qierture of projection systems. 

30 

Endiodiments of the invention will now be described, by way of sample only, with 
reference to die accompanying sdionatic drawing in which: 
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Figme 1 dqricts a litihogiqpliic piojectioii apparatus ftat may be used in fhe 
peifiiiinance mettods accuidiug to ftc invcntiQD; 

Hgnie2 is a flow diagram of a fiaographic process aoccading to an enibodmient of 
flie invention; 

S Rgme 3 depicts a scatterometer useable in mefiiods according to tiie present 

inventioi^ 

Hgiires 4 to 6 dqrict a test pattern and first and second lefisrence patterns nsed in a 
first mefiiod accordipg to the present mvcntioi^ 

Figure 7 &|ncts a raw overlay signal and an cnrexlay signal enbanced according to &e 
10 fiirstriKediodaccoi£i^ to flie present invention; and 

Rgnres 8 to 10 depict a test patteni and first and second reference patterns used in a 
second method according to die present invention. 

latibeKgnres* conespondirig reference symbols indicate corre spon ding parts> 

IS 

tahopapliic Projection Apparatos 

Kgure 1 scbematically depicts a lidiogrq;>bic apparatus accorvfing to aparticular 
endx^dimcnft of fte inveotiort The qiparatos conqiris^ 
20 - an ilhnnination system (3hnniriator)IL for providing a proje 
radiation (e.g. UV radiation or DUV radiation). 

a first support structure (e^g. a ma^ table) MT for supportmg patterning means (eg. 
a rnask) MA and co nn ected to fi is l p ositioning means FM fa accurate^ 
pattennng means with reflect to item PL; 
25 - a sidstrite table (e.g. a wafer table) Wr for holding a substrate (e.^ 
wafer) W and ccnmected to second positioning meaiis PW for accinate^ 
substrate with reqiect to item PL; and 

a projection system (eg. a refractive projediGn km) PL for imaging a pattern 
imparted to Ihe projection beam PB by pattmnng means MA onto a target portion C (e.g. 
30 comprisiqg one or more dies) of flie substrate W. 

As here depicted, die ^paratus is of a trananissive type (e.g. employing a 
Iransmissive made). Alternatively, tiie apparatus may be of a reflective type (eg. employing a 
progr amm able mirror array of a type as refeired to above). 
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The ittunuiiatDf ILxeccfVCS a bcflm of x&di&tioa fiom a xadi&tioD source SO. The 
soQice flod llie lifliogrBpliic flppantus may be scpfiiate enthiesy fixr example iniieD tiie source is 
an excimer laser. Ill sadi cases» fte sooice is 1^ 
appaiatiis and fadktiQn beam is iwsed fiom fte 
5 aid of a beam deliveiy system BD eaaspasmz for example suitable directing minors and/or a 
beam expander. In oflier cases flie source may be integral part of Ae apparatus* for example 
^09hen die source is a mercmy lanqL The sooce SO and die ilhu^ 
beam delivery system BD if reqiiizedy may be refcned to as a radiation sy^^ 
The iUununalor IL may conqmse a^ustiiig ineans AM fi^ 
10 intensity distribution of tiie beam. Generally* at least die outer and/or inner radial extent 
(connnonly rdbied to as (Mmtor and o-inner* respect!^ 

pupil plane of die illuminator can be adjusted hi addition, die illuminator IL generally 
comprises various odier componcnls* such as an integrator IN and a condenser CO. The 
illuminator provides a conditioned beam of radiation* refened to as die projection beam PB, 

IS having a desired unifinmity and intensity distnlmtioo in i^ 

The projection beam PB is incident on the mask MA, whidi is hel d on the mask tabl e 
MX. Having traversed die mask MA» the proj ection beam PB passes dirough die 1 ens PL, 
which focuses die beam (mto a target portion C of die substrate W. With die aid of die second 
positionii^ means PW and position sensor IF (e.g. an tnterferometric device), die substrate 

20 table Wr can be inovedaccinHtdy,e.g. so as to positimi different 

of the beam PB. Similarly, die first positioning means PM and another position sensor (yAAch 
is not exi^icidy depicted in Rgnre ]) can be used to accuratdy portion die 
respect to the podi of die beam PB, e.g. after mechanical retrieval from a mask Kbraxy, or 
during a scan. In gmeral* inovemcnt of die otgect td>les Nn* and WT will 

25 aid of a Iong-«trdce module (coarse positioning) and a diorl-stroke module (fine positioning), 
which fonn part of die positioning means and PW. However, indie case of a stepper (as 
opposed to a scanner) die made td)te MT inay be connected to a diort stn>ke actuator 
may be fix ed Mask MA and substrate W may be aligned using mask alignment marks M 1 , 
M2 and substrate alignment mmks PI, P2. 

30 The depicted apparatus can be used in the following preferred modes: 

1. In stqi mode, die niasktaUeMT and the substrate table WT are kept essentially 
stationaiy, while an entire patton imparted to die projectim beam is projected onto a target 
portion C in one go (ix. a smgle static nposure). The substrate table WT is then diifted in die 
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X md/oT y duedion so ^ a diffirait iBi^ 

jnaximmii azc of ftc eaqposmt fidd Hniits tiie size of fte tai;^ portion C imaged in a single 
static escpo^ire. 

2. iasianixK)de»fteina^ table NfT and ^substrate table WT 
S syndnonously while a pattern inqparted to fliepn^ 

portion C (ie. a smgle d|ynamic exposure). Hie velocity and direction of ftie substrate table 
Wr relative to flie made table MT is deteniiined by flie(d^ 
characteristics offee projection system PL hs 

field Uimis tiie widlh ^tiiencaMcanniiig directioD) of the target portion in a single dynamic 
10 exposure, ^Tvhereas the length of ftescamnogmoti 
direction) of tiie target portion* 

3. baixi1hermode»te mask table MT is kqrt essentially stationary 
prograzrmiable imttemiiig means* and tiie sidistrate table 

pattern iinparted to fte projection beam is prqected onto a target po^^ 

1 5 generally a pulsed radiation source is enqiloyed and ^ pr ogr amm able patterning means is 
updated as required after each movemoit of the substrate table WT or in between successive 
radiation pulses during a scart Tins iiiode of operation can be readily 
Httiogr^shy ftat utilizes programmable patterning means* such as a programmable mirror 
array of a type as refared to abovei 

20 Combinations sod/or variations on tiie above described modes of use or entirely 

differrat modes of use may also be cnq>loyed 

Figure 2 is a flow fiagram of a lithographic process of which tiie present invention 
mayformpait Prior to ti[ie exposure step S4»wfaidiirsfly be carried out iising a 1^ 
ai^»ratussudiasdes€nl>edabovewiflkrd8tiontolagure l»asubstrate»eg:asiliconwafer» 

25 uiideirgoesapriinii^^q>Sl,qnncoatmgstepS2tocoatitw]tiialaya 

bake S3 to remove solvents frcnnlfae resist After exposure^ the wafer undergoes a post- 
exposure bake SS, a drvdqmtent stq> S6 during whidi tise eiposed or un«i^^ 
(depending on ^^wr fte resist is positive or negative) is removed and a hard bake S7, prior 
to an mspection stq> 1%, The inq)eGtion step SSinchides various different measurements 

30 inspections and according to tiie invention includes a scatterometry stq> described findier 
below. Iftiiewa&r passes inspection, a process step S9b carried out This may involve 
etching the areas of tiie substrate not covered l^reast^ deposition of a product layer, 
metallization, ion innplantation, etc After die process st^ S9 the remaming resist is str^yped 
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SIO and a final inspection SI 1 carded Ofut before Ibe process resumes In 
case a substrate fuls an inqpection at S8, it may be dii^^ 
and anoOer attonpt to print same porocess fa^ 

bllieiiq)ectkmstepS8,a5catteninietarsudiasdqiic^ . 
5 Otto inspectioM and/ormcasurenttcpts may also be made nsingoAer tools. The 
scatterometer 10 CQn^rises abioadband (vAiite li|^t)xadiation source 11 ^ch directs 
ia£ationviaabeamspfittarl2aatoateststrnctureTSonl9iei0^^ Iliereflected 
radiation b passed to a spectrometer 13 i^rtndi measures a spe 

'wavdei^ldOofllieqpecular reflected radiation. From tins data, Restructure giving rise to ti» 
10 detected spe tti um maybe reconstructed by Rigoroiis Coupled Wave Analysis and non- 
linear rcgresskm or by con^iarisonwifli a Kbraiy of simulated ^)e^ bgeneraly fertile 
reconstruction tiie gOEieral form of ti» structure is Imowii and son^ 
fiom knowledge of tiie process by vMch tiie stracture was made, leavmg only a few 
pwyTP**wfy ftftligstriMAmgtobedet^^ 
IS Asillustritfed^^scflttcfometerisaiioxmal-iricidencescattercm^ Howevertbe 

same piindple may be applied using inclined incidence scatlerometiy. Variantsof 
scattcranc^ in whidi flie reflection at a range of aog^ es of a single wavelei^;Bi, ratber tiian 
llie reflectkm at a m«|c angle of a range of waveler^gtiis, » measured ma^ 

According Id a first mcfliod of tibe invention, wbich is used to measu^ 
test structure printed on tiM substrate W comprises a first mark, or first pattern coi^^ 
printed in an upper process layer TL md a second niaik» or second pattern ccmpcmeiit, G2 
printed in a lower process btyerBL. TbemadsGl and G2 may take any convem'entfcnm, 

25 sotfi w gp**«ffgy, CiKM A« l Mi i ai d % hoMSy ftames^ chevrons, etc. Thefonnoftiiemaiksis 
dioscn for ease of reoanstniction, in particular flse use of gratings allows rapid reconstruction 
tecfaniqnestobeused The inaik type can also be chosen to inqprovesensiti^ Thetwo 
madcsGl andG2diouldbe,ifprintedperfecdyandimafiG^edbysubs^ 
identical and in tiie absence of overlay error, exactiy aligned Though identical in fi»rm, d)e 

30 first and second marks (pattern conqxments) are diffmnt in tiwir location in flse process 
layers on ti)esubstr^ When the te^ pattern comprising inaiksGl,G2 is iihmiinated with 
nomially mcidoit polarized figibt tiie reflected TE, TM or phase signal contains information 
about the relative position of the two gratings. However, doe to internal reflections in the 
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intmrauQg pneess layen between fte 

gretutg^ Gl, G2 and intofisRucey tte anipHftide of flie total xeflected agnal contaiiimg ovcrisy 
MboiutioiiiSYeiyweakandliasalowsignal-to-iioiseialM. FUflwr noise 18 intxodQccd iy 
distorticxDsm1be]iiadsGl,G2diinQgpii^ 
S pTcccss c sftat haw bctng carried oat rincc it was pi^^ 

Accofding to fte piesGut iiivcntioii» to improve measurement of oveilayi two 
lefiaKDce mada RG1» RG2 are piinied at die same time as 

pattenL Reference pattern RGl is provided in ibt top layer TL and corresponds to the first 
madcGL Reference pattamRG2 is pnivided in die bottom bycrBL and cones^^ 

10 second afignmentmaikG2« llie reference patterns RGI»RG2 are printed close to but spaced 
apart fiom eadi odier and fte test pattern comprising ahgnxnoxt marks GI, G2. Therefisrence 
markers RGl » RG2 and fte test pattern shoold be dose enough togdher Oat tiiey will be 
affected in 4ie saine way by aiv distortioos in flie priiiti^ 
process steps. At ^sainetime»11ieydu)uld be suffidently&rqparttbat separate 

15 scatterometrymeasarements can be tBken»widioat crosstalk 

When ilhmmmted in same wi^ as the test patteni, fhe reference pattern 
RG2 produce scatteromdry signals S2, S3 which contain infonnation only about the 
respective gratings^ 1hescatterometrys]gnabS2»S3 canftenbeiisedtoiiormaUzethe 
scatter ouietiy signal SI to pravide an e nhanc ed scattaojiietry signal Sl-e, An example of tiiis 

20 is 8b€f9m in Figure 7 firom it can be seentiiat the enhanced signal Sl-e has a mudi 
higher an^litttde but retaiiis^ same phase positkm fingerprint of the The 
sigoal-to-rKoise ratio is effectively imiooved The enhanced overlay signal is derived fiian 
tfuree specular spectroscopic signals. The first is tiie **rHw" overlay signal generated by &e two 
ovcriying gratings. The second arxlttmd are ^signal generated by the bottom and tq) 

25 reference gratiogs. The enhariced overlay signal is Aen derived by dividing ttie raw overlay 
signal by the signal fiom the top reference gratii^ minus fbt signal fiom the bottom reference 
gtating. 

Emboament 2 

30 A grating structure used in a second mediod of Ae present inventicm is depicted in 

Figures 8 to 10. The second mediodoftfae present invention measures differential 
dimensional asymmetry due to comatic abenation in tiie lithographic apparatus^ particukuly 
the im>jection system fh, cr tiie process appl ied to the substrate. 
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A$ shown in Figure 8, the test patton G 
pitch Pi asid an outer pitch Pq. lliefiist pattern conqponcntcqpq^ses a sin^^ 
pitch equal to the iDDorpttdi and fte second pat^ 
equal to flie outer pitch, llie two ieGaencegEat]i]gsRGl\RGZ' are shown 
5 and comprise xespectivdy a smq^ilegra^ and a single gtating of pitch Po. 

As in flie fast mcflK)d» fte test pattern G and leference pa 
ahmrinated idcptically with qpecular polarized Kg|iL The xesulting reflectance spectra Sr, 
S3\ S3* contain infonnation ahoni any di^^ 

actual forms of die grainigs. Ilieinfbnnationdiontaiiydifrefentialdi^ 
10 contamed in die reflectance qpectra Sr from the dual pitch grating whilst die spectra S2\ S3* 
contain infonnation about die gratzngs diemselves. As in Ihe first niediod» the reflectance 
spectra S2*, S3* are used to enhance the reflectance spoctat SI* to provide a signal cont a ining 
information of the dimensional asymmetiy wifli an innproved signaMo-noise ratio. 

IS Whilst qiedfiecnAiodim^oflhemventiQa ham 

appreciated diat die invention may be practiced odierwise dian as described Hie description is 
not intended to limit d!ie inveodon* 
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CLAIMS: 

1. An inspectioii mediod comprisiug: 

using a IidK>grapfaic appaiatus to print onto a substrate a test pattern compfisioig a 
5 coinbinatio>n c^fixst and second pattein conipoiiB&tSy said first pattern component being 
difGsraot from said second pattern ccmpoueu^ 

using a liflkogirqduc apparatus to pxint onto said substrate jBrst and second xe&rence 
patterns coftespondiQg lespedrvely to said first and second patten components; 

n&ng a scatteiomcter to measure firs^ second and tbird reflection spectra of said test 
10 pattern and said first and second lefetcnce patterns; and 

deriving fiom said firs^ second and finrd reflection spectra infimnatioa indicative of 
a parameter of said teslpsttEni on said substrate. 

2. An inspection inelliodaccordSiQ to claim l»iniieremsu 
IS components di£fer in finuL 

3. An inspection medxodaocozdii^ to claim 1 li^exein said fiirst and second pattern 
components differ in ftcir position amongst a plurality of process layers provided on said 
substrate* 

20 

4* An inspection mcdiod according to daim 3 \rticrein said test pattern comprises first 
and second alignment markers printed on top of one anottcr in first and second process layers 
and said first and se c o n d refeienee patterns comprise corre&pondaig reference aHgnment 
inaxkers printed in the first and seGOi>d process layers respectively » but 

25 

S* An inspection mcfhod accordiiig to claim 2 litAierein said test pattern comprises a 
two-bar grating pattein baving an inna^pitcb aid an outer pitcb and said first and second 
refereiice patterns oonfirise le^ectrvdy a single bar grating having a pitc^ 
pitdi aiid a single bar gmtrng bavhig a ptcb equal to outer pitck 

30 

6. An infection meftod according to any one of the preceding claims wbereinsaid 
scatterometer is a rKxrmal mcMence scatterometer* 



5 
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tcGODsttuct said lest paltaiL 

8» Ae& wspecAanmtA»i accoidiDgto any one of claura 1 to 6 whoemin said 8tq> of 
deriving;^ saSdinfiuuiaiuiii & ojbtaoied dstctty fiom said xefleetioiD spcctrat wiflKsut 
ifeconstnictioii of dia testpaltBnik 



10. 9. A device maiQi&ctncn)^ meBiod cciniprisipgftc steps o£ 

providhs a sdistmle flat is at leastiwtially covendby a layer of xadialioorseDaliva 
maienal; 

provkliis a iiingcckio& beain of 
«■ usiiig jattcffiiifigmeaaDa to cadgy flic prcjectioii beam wflh ajattem ni its cioss- 
15 seeticni; 

lucyectiag die patterned beam of sadSatioii ooto a tai^getpiiitiutt of flit inyer of 

Tadiatkni--scsnsdli¥e nuieria^ 
diaiaGtenzed in djatr 

said jiattem conjpjsf^ ap^ttenlxtpisscntiiig ^ptociess Isyeti q test pattetft 
,20 coiiipDsmgaoQ^^ 

cpn^ionent being 0iBBitijXfyoBk sajd s^j^txpd pbtton couipoiijeut; and Stst htid scswud 
tefectm palteiDft w W c aiio nd&igteq^itfaiv^ to.«id first and sepogd iwtlm.coiyipODM^^aivd 
by; 

using a scatteioinctar to measure firsts saecond and. diiidFefleGticm spectre of Juidlest 
25 patftm and said figt and secMdirfegencepattenis; and 

dcfivii^ fiom said fifSi^ second and 'dord lefleetioQ spectra infonnatiom mdlcalive of 
a.p^MnelEf pf said test patteip cai.said. .sobstratai 

10. A device maimSMiirin% rogfiuid aceoiding to claim 9 wherein saiid tpst patt^ iii 
30 ]HmtolinanBreaa4iaecot4ffipafteiBi^ 



1 1. A devfc^inaniiiictiiriDgiiicidM^ clann 9 or 10 ivbereinaaidinfiirmslk)^ 

ifidkaliviB of la patamelei: is- Qsed tpi ai$iist 9 pBmmet, of the KflK^grqsliri^ f^ppmW or proca^ 
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after which a finttkcr substrate is provided md said stqps of providing a proj ection beanii using 
patterning incaiis and projectiiig flie patt 



1. ABSTIBACT 



Inspection Method and Device Manufacturing Method 



To enhance $catten)]iielxy measurements xnadefiom a two-c0 
refisfeoce patterns conespondh^ to each of flie conQxineDls of flie two-conqxmcnt patteni are 
alsoprinted S ca t t ero meii ys^giMb derived fiomftcreftiepccpalteins>c^ 
separate componeatits of flio test pattern* are used to edian^ 
inxprove sensitivity and signaI-to-iM»se xa!ios» 

BepxeBeotatiTe Szawliig 

Fig.4 
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